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Abstract
The Tokai to Komiaka (T2K) experiment is designed to investigate neutrino oscillations. The Near Detector purposes 
are to characterize the neutrino beam produced at the J-PARC accelerator complex, and to measure neutrino cross-
sections. Super-Kamiokande, the far detector, is located at 2.5 degrees with respect to the J-PARC neutrino beam. 
The Near Detector is composed of two main sub-detectors: one an on-axis, whose primary purpose is to monitor the 
beam flux and spatial distribution, and one an off-axis, in the general direction of Super-Kamiokande, that includes 
tracking and calorimetric capabilities. Excluding the Time Projection Chambers (TPCs), the Near Detector is an 
assembly of similar building blocks: extruded plastic scintillator, readout by wavelength shifting fibers and 
Hamamatsu Multi-Pixel Photon Counters. The Near Detector has been in operation since the end of 2009. All the 
sub-detectors are performing very well providing high quality data about the neutrino beam and interaction processes.
© 2011 Published by Elsevier BV. Selection and/or peer-review under responsibility of the organizing 
committee for TIPP 2011.
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1. T2K, the Tokai to Kamioka experiment
The purpose of the T2K experiment is to characterize neutrino properties by measuring with precision 
the disappearance of muon neutrino as they travel through 295 km through the Earth [1]. The more 
elusive but also more compelling goal of T2K is detect electron neutrinos at Super-K due to the 
oscillation of a small fraction of the QP into Qe.
The T2K is composed of J-PARC neutrino beam line, the Near Detector both located at J-PARC and 
the far detector, Super-Kamiokande (Super-K), located 295 km from J-PARC. The neutrino beam line is 
shown in Fig. 1. The J-PARC proton beam impinges onto a graphite target producing hadrons, mostly 
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pions, which subsequently decay into muons producing muon neutrinos. A set of magnetic horns 
enhances the fraction of pions that decay in the desired direction. The neutrino beam is not directly aimed 
at Super-K, but is instead located at 2.5 degree from the beam axis. The advantage of the off-axis 
configuration is shown in Fig. 2. It allows narrowing the neutrino energy range within the region where 
the neutrino oscillation probability is maximum, which is below 1 GeV given the distance of Super-K
from the beam source.
A conceptual view of the neutrino beam line and Near Detector is shown in Fig. 3. Muon neutrinos are 
mostly produced by pion decays within the decay volume. The muons are detected in the muon monitor 
detector and subsequently absorbed by about 100 meter of sand. The on-axis Interactive Neutrino GRID 
(INGRID) detector purpose is to characterize the neutrino flux. The off-axis Detector called ND280 was 
designed to characterize the neutrino flux in the direction of Super-K as well as to study neutrino 
interactions.
The timing properties of the beam are critical for rejecting background at Super-K and at the near 
detector. The proton beam hit the target every 3.04 second. A proton spill is composed of 8 bunches
separated by 540 ns. In 2009-2010, only 6 bunches were used. In 2011, the beam power exceeded 100 
kW. At the near detector, beam structure in 6 or 8 bunches should be clearly visible.
2. INGRID and the neutrino flux
INGRID is located along the neutrino beam axis. Hence it benefits from a significant higher neutrino 
flux than the off-axis detector. It was the first sub-detector to detect a neutrino interaction on November 
22nd, 2009 as shown in Fig. 4. 
INGRID is an assembly of 13 detector modules, forming a cross with 2 additional modules located 
above the horizontal cross bar. Each module is an assembly of 9 iron planes (124×124×6.5 cm3) and 11 
scintillator planes, surrounded by 4 planes of veto detectors. The scintillator and veto planes are built 
using the same building blocks: 1×5×120.3 cm3 extruded plastic scintillator bars. The scintillator planes 
include two layers oriented perpendicular to each other, providing 2 dimensional information. A Kuraray 
Y11 wavelength shifting fiber is inserted within each scintillator bar. It absorbs the violet/blue photons 
Figure 1. Conceptual design of the neutrino beam line
Figure 2. Neutrino energy vs beam axis angle
 F. Retière /  Physics Procedia  37 ( 2012 )  1231 – 1240 1233
emitted by the plastic scintillator and reemits green photons, about 5-10% of which become trapped 
within the fiber by total internal reflection. The trapped photons travel along the fiber to a Hamamatsu 
Multi-Pixel Photon Counter (MPPC) on one side and a mirror on the other side. The mirror reflects 70 to 
90% of the photons. The MPPC characteristics and performances will be summarized in section 4. The 
readout electronics will be described in section 5. Overall, INGRID includes 9,592 channels.
Figure 3. Neutrino beam line and near detector
Figure 4.First neutrino interaction recorded in INGRID
Figure 5.Timing distribution of the neutrino interaction in 
INGRID
Following the detection of the first neutrino, INGRID proceeded to characterize the neutrino beam as 
shown in Fig. 5, 6 and 7. The timing distribution shown in Fig.5 matches exactly the beam timing 
expectation. Figures 6 and 7 show the beam profile measured by INGRID in the X and Y directions. The 
statistical error bars are very small.
Figure 6.Horizonthal beam profile measured by INGRID. Figure 7.Vertical beam profile measured by INGRID.
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3. The off-axis detector at 280 m (ND80)
The location of the off-axis Detector at 280 m (ND280) with respect to INGRID is shown in Fig. 8. 
The former UA1 magnet encloses all the ND280 sub-detectors. Fig. 9 shows the arrangement of the sub-
detector within the UA1 magnet. The UA1 magnet was moved from CERN to J-PARC and refurbished to 
provide a magnetic field up to 0.25 Tesla. It was operated at 0.18 Tesla from 2009 to 2011.
Figure 8.T2K Near Detector Figure 9.The off-axis detector at 280m (ND280)
The ND280 sub-detectors were designed to provide passive and active target mass, as well as tracking 
and calorimetric capabilities. The sub-detectors are the Side Muon Range Detector (SMRD), The Pi-zero
Detector (POD), the Fine Grained Detector (FGD), The Time Projection Chambers (TPC) and the 
Electromagnetic Calorimeter (ECAL). Each sub-detector will be described in the next sub-sections,
leaving aside the elements that are common between most sub-detectors namely the Multi-Pixel Photon 
Counters and the electronics that will be described in sections 4 and 5 respectively. Table 1 summarizes 
the basic parameters that are shared by all the scintillator-based sub-detectors. 
FGD DS-ECAL B-ECAL INGRID POD SMRD
Number of channels 8,448 3,400 18,900 9,592 10,400 4,016












Fiber diameter (mm) 1 1 1 1 1 1
Far end configuration Mirrored Readout Mirrored Mirrored Mirrored Readout
MPPC over-voltage (V) 0.7-0.9 1.33 1.33 1.33 1.33 1.3-1.4
Most probable # of avalanches per MIP 20-35 20-30 10-15 30-60 35-40
Type of electronics Waveform Q-t Q-t Q-t Q-t Q-t
Table 1.Scintillator detector parameters. Q-t indicates the TRIP-t electronics that integrate the charge on a set of capacitor and 
subsequently digitize it. The time t is obtained using a comparator and time stamping in a FPGA.
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3.1. Side Muon Range Detector
The Side Muon Range Detector (SMRD) is embedded within the UA1 magnet. It allows detecting and 
identifying high momentum muons. It provides a flexible cosmic ray trigger, which is critical for 
calibrating the various sub-detectors. Indeed the beam itself does not provide a sufficiently high rate of 
events useful for calibration such as high momentum muons.
The SMRD is also an assembly of plastic scintillator and wavelength shifting (WLS) fibers readout by 
MPPCs. Unlike the other sub-detectors, the WLS fiber is inserted within a groove rather than a hole, and 
it follows a snaking pattern along the scintillator bar as shown in Fig. 10. Such pattern allows 
reconstructing the position of the interaction along the bar by measuring the amount of light collected at
both ends of the fiber as well as measuring the green photon time of arrival. This solution greatly reduces 
the number of channels necessary to cover a wide area. 
3.2. The pi0 detector
The pi0 detector (POD) was specifically designed to study the neutrino interactions yielding to the 
production of neutral pions [2]. Indeed, this process is a major source of background at Super-K when 
trying to identify Qe by detecting a single electron. Photons from S0 look exactly like electrons and a S0
can mimic an electron if one of the photon is not detected by Super-K. Hence, the POD was primarily 
designed to constrain the S0 background at Super-K.
Figure 10. SMRD bar Figure 11. POD 
The POD is a self sufficient detector whose active elements are triangular extruded plastic scintillator 
bars as shown in Fig. 11. Wavelength shifting fibers are inserted into the holes and readout by MPPCs on 
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one side and mirrored on the other side. The triangular shape provides superior resolution. The upstream 
and downstream of the POD are used for photon detection by inserting layers of lead between X-Y
scintillator planes. Layers of water and brass are inserted in the center part of the ECAL allowing to study 
the S0 production in water similarly to Super-K.
3.3. The Fine Grained Detector
The Fine Grained Detectors (FGDs) are the central part of the tracker system that also includes the 
Time Projection Chambers (TPCs). There are two FGDs, one fully instrumented and the other including 6
un-instrumented layers filled with water that will be used to calibrate out the material dependent cross-
sections when comparing to Super-K. Neutrinos interacting in the FGD produce particles that are first 
detected in the FGD and then in the TPC. The FGD information is necessary to reconstruct the neutrino 
interaction vertex. It is also used to detect and identify low momentum particles that stop before reaching 
the TPCs. Differentiating pions from protons is especially important. It is achieved by detecting the 
electron or positron originating from the pion to muon to electron decay chain. The muon decay time 
constant of 2.2 Ps implies that the detector must remain lives for several Ps following the beam spill.
The FGD building blocks are 0.96×0.96×186.4 cm3 extruded plastic scintillator bars. The Y11 WLS 
fibers are readout by MPPCs on one side and mirrored on the other side. The fibers were studied in details 
by using a 405nm light to excite the fibers as shown in Fig. 12 when light is injected at the center of the 
fiber. The reflection due to the mirror is clearly visible yielding to a measured reflectivity of 85%. The 
MPPC itself appears to reflect about 20% of the photons. The fiber de-excitation time constant was 
measured to be 7.4 ns. Fig. 13 shows the light attenuation measured along the fiber by using Cosmic ray 
at J-PARC. The fully active FGD is composed of 30 X-Y layer, while the FGD including water layer has 
only 15 active layers.
Figure 12. Timing distribution of the light coming out of the 
fiber when excited in its center by a laser.
Figure 13. Pulse height as a function of the distance to the 
MPPC for cosmic ray going through the bars.
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3.4. The Electromagnetic Calorimeter
The electromagnetic calorimeter is composed of two different sub-assemblies, the downstream and 
barrel ECAL[3]. The downstream and barrel ECALs were installed in 2009 and 2010 respectively. The 
ECAL allows detecting photons and identifying electrons. It is primarily used in combination with the 
FGDs and the Time Projection Chambers providing an additional handle on the S0 production.
The downstream ECAL is based on 4×1×200.4 cm3 extruded plastic scintillator bars. The wavelength 
shifting fibers are readout on both sides by MPPCs. The barrel ECAL uses two different bar lengths 
depending on the orientation with the same cross section than the barrel ECAL 4×1×152 cm3 and 
4×1×384 cm3. The wavelength shifters are readout only on one side and mirrored on the other side.
3.5. The Time Projection Chambers
Figure 14. TPC conceptual design.
Figure 15. Micromegas pad plane
Figure 16. TPC transverse resolution
Figure 17. TPC particle identification capability by dE/dx
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Three Time Projection Chambers [4] surround the two FGDs. They detect charge particle emerging 
from the FGD providing a measure of the particle momentum and charge sign by reconstructing their 
trajectory. The TPCs were designed to achieve a 10% momentum resolution at 1 GeV/c, ensuring that the 
the neutrino energy resolution is dominated by the intrinsically limitation due to the nucleon Fermi 
motion. The TPCs also provide particle identification by measuring the energy loss along about 1 meter 
of particle trajectory.
A conceptual drawing of one TPC is shown in Fig. 14. The field cage is separated in two 2.3×2.4×1 m3
halves by the cathode in the center. The electric field pushes the electrons towards the end-caps equipped 
with bulk Micromegas modules for gas amplification [5]. The amplification is achieved by pad plane 
geometry is shown in Fig. 15. The TPCs use a mixture of Argon:CF4:isobutane (95%:3%:2%).
The TPC performances fulfill the requirements as shown in Figures 16 and 17. The position resolution 
is at least as good as the simulation expectation ensuring an excellent momentum resolution. Electric and 
Magnetic field distortions are studied using a combination of cosmics, beam and laser data. The laser 
light ionizes a pattern of copper strips and dots on the cathode, which can be reconstructed and compared 
to the known pattern. Magnetic field maps are also used for distortion corrections. Fig. 17 shows the 
energy loss measured in the TPC for positive particles. Good particle identification is achieved.
4. Multi-Pixel Photon Counters
The scintillator based sub-detectors are all readout by 1.3×1.3 mm2 Multi-Pixel Photon Counters, with 
667 pixels [6]. The MPPCs were extensively characterized as T2K was the first experiment to use them. 
The MPPC response was extensively characterized by investigating their gain, photo-detection efficiency, 
dark noise rate, cross-talk rate, after-pulse rate and timing distribution. Fig. 18 shows for example the 
photo-detection efficiency for 4 different MPPCs as a function of the over-voltage at the fiber peak 
emission wavelength. A Monte Carlo simulation program was written to model the MPPC response. Fig. 
19 shows a comparison between data and simulations when the MPPC is exposed to a small amount of 
light using a fast LED.
Figure 18. MPPC photo-detection efficiency
Figure 19. MPPC response to low light level. Data (points), 
simulations (line)
The MPPCs are operated at different voltage depending on the sub-detectors. The ECAL, INGRID, 
POD and SMRD operate at a voltage close to the value recommended by Hamamatsu, while the FGD 
operates at a voltage lower by about 0.5V to achieve its desired dynamic range. The voltage across each 
MPPC is set individually. The temperature variations inside the experiment hall are within ±2°C, which 
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does not require any continuous re-adjustment of the MPPC voltage. However, the data must be later on 
corrected for temperature-induced variation of the gain and of the number of MPPC pixels avalanching 
per incoming photons. T2K was the first experiment to use MPPCs in large quantities. After two years of 
operation, very few, if any MPPCs have failed and their operation and calibration has been overall 
smooth.
5. Readout electronics
With the exception of the FGD, all scintillator based detectors use the same readout electronics based 
on the TRIP-t ASIC developed by Fermilab[7]. The Trip-t Front End boards (TFBs) provide a measure of 
the charge and time along 23 time samples of tunable width. The Trip-t generates a digital output when 
the integrated charge within a time sample goes over a programmable threshold. A Field Programmable 
Gate Array located on the TFB time stamps the digital output with a precision of 2.5 ns. Fig. 5 shows how 
the time samples are defined in beam operation. Each time sample is separated by a 100 ns reset period 
that occurs in between beam bunches. The time between samples is defined by the beam bunch spacing. 
In addition to the 6 or 8 time samples corresponding to the beam bunches, 3 samples are recorded before 
the beam and 14 or 12 after the beam allowing the detection of electrons and positrons from muon decay. 
Data from the 64 channels TFB are concentrated by multi-purpose Readout Merger Modules (RMMs).
The FGD and TPC share the same Application Specific Integrated Circuit, a 76 channel amplifier-
shaper coupled to 511 deep switch capacitor arrays (SCA). The AFTER chip was designed to readout the 
TPC at a time when the gas within the TPC had not been selected [8]. Due to the very large drift velocity 
differences between gases, the amplifier shaping time and the SCA sampling frequency were designed to 
be tunable. The FGD operates the AFTER ASIC with the shortest shaping time and fastest sampling rate 
(50 MHz), while the TPC samples at 10 MHz. For the FGD, the preampifier-shaper transforms the 30 ns 
wide MPPC pulse into a 500 ns wide pulse. Good timing resolution (< 3ns per bar) is recovered by fitting 
the rise time of the pulses. The advantage of using the AFTER ASIC over the Trip-t system is to provide 
a continuous snapshot of the signal during 10 Ps including the 5 Ps of beam spill, significantly enhancing 
the decayed electron/positron detection efficiency. The TPC and FGD use different front end and control 
boards. The TPC Front End Cards include protection circuitry against Micromegas sparks, while the FGD 
Front End Boards include extensive temperature, voltage and current monitoring capabilities as well as a 
charge pump for generating the MPPC voltage. The TPC and FGD use the same backend electronics, 
Data Concentrator Cards (DCC) that collect data from 6 control cards over optical links. 
The data from DCCs and RMMs are collected by a set of Personal Computer and put together by the 
DAQ event building system. Two Cosmic Trigger Modules (CTMs) are used to generate triggers from 
signals in the SMRD and ECAL and from the FGD. A Master Clock Module (MCM) and a set of Slave 
Clock Modules (SCMs) are used to distribute the clock and trigger to all the sub-detectors. The SCMs 
allow each sub-detector to run in stand-alone mode. The RMMs, CTMs, MCM and SCMs are the same 
physical printed circuit board with the Input-Outputs arranged according to their specific purpose.
6. Operation and performances
The T2K Near Detector has been in operation since the end of 2009. Data were taken over two main 
periods in 2010 and 2011, the 2011 run being interrupted by the North East Japan Earthquake. The Near
Detector has survived the earthquake with no damages. Data taking is expected to resume early 2012.
Figs. 20 and 21 shows two events in the ND280. The first event (Fig. 20) combines two independent 
processes: i) a “sand” muon due to an interaction upstream crossing the POD, two TPCs and the first 
FGD and ii) a deep inelastic interaction in the first FGD. The second event (Fig. 21) is presumably an 
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interaction yielding to the production of a low momentum proton moving backward and a high 
momentum muon escaping through the side of the first TPC. 
Figure 22 shows the number of neutrino events selected in the FGD as a function of the total number 
of protons hitting the target. Figure 23 shows the beam profile as measured by the POD. Similar profiles 
have been obtained with the FGD, though with reduced statistics due to the lower FGD fiducial mass. The 
Near Detector data were used as part of a paper showing evidence for neutrino electron appearance by the 
T2K experiment [9].
Figure 20. “Sand muon” in POD, deep inelastic interaction in FGD1. Figure 21. neutrino interaction in FGD1
Figure 22. selected events in the FGD as a function of the number of 
Protons On Target Figure 23. Spatial distribution of the neutrino 
interactions in the POD
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